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@ A fluorescent gas discharge display panel. 

@ A fluorescent gas-discharge display panel, in which a 
fluorescent material (8) is excited by a gas discharge therein, 
contains a gas mixture of neon, argon and xenon as the 
discharge gas (9). Typically, the argon gas content is more than 
50/0 by partial pressure, and the xenon gas less than 10%. The 
argon gas content contributes to produce a pure and high peak 
of green light spectrum and to reduce the' orange light 
spectrum produced by the discharge of the neon gas. Other 
characteristics, such as operation voltages, brightness, lumin- 
ous efficacy, and operation life, are kept satisfactory. 
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Description 



A FLUORESCENT GAS DISCHARGE DISPLAY PANEL 



BACKGROUND OF THE INVENTION 
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Field of the Invention 

This invention relates to a fluorescent gas-dis- 
charge panel. More particularly, this invention relates 
to an improvement to the gas contents of the 
discharge gas, which is capable of producing a color 10 
display by exciting a fluorescent material. 

Description of the Related Art 

Various types of fluorescent gas-discharge panels 
utilizing an ultra violet light generated by a gas is 
discharge, either DC (direct current) driven or AC 
(alternate current) driven, have been practically in 
application for displaying characters as well as 
images. It is also well known that a color display is 
achieved by providing plural kinds of fluorescent 20 
materials installed in the discharge panel, and each 
excited by an ultra violet light generated in respec- 
tively associated gas discharge. A typical configura- 
tion utilizing a surface discharge, such as shown in 
the accompanying FIGS. 1 and 2 or such as the one 25 
disclosed in U.S. Patent No. 4,638,218 by the 
inventor of the present invention, is considered of 
particular interest to realize a gas discharge color 
display panel by the use of plural fluorescent 
materials. Basically, in such a surface discharge type 30 
panel, the discharge electrodes (3, 4, 5 & 7 in FIG. 1) 
are provided on only one substrate 1 of a pair of 
substrates forming the panel envelope. On the inner 
side of the other facing substrate 2. a fluorescent 
material layer 8 is provided, which is excited by the 35 
ultra violet light generated by the gas discharge on 
the facing substrate. Thus, the color determined by 
the respective fluorescent material is emitted. The 
electrodes for the gas discharge are mutually 
isolated and arranged in mutually orthogonal X and Y 40 
directions on the substrate 1. Surfaces of these 
electrodes are covered with an insulation material 10 
having high secondary-electron emissivlty, such as 
magnesium oxide, MgO. This configuration allows 
the fluorescent material to be prevented from direct 45 
bombardment of the ions produced in the dis- 
charged gas, and has therefore been employed in 
order to achieve a long life operation of the 
fluorescent material. 

Discharge gases which emit an ultra violet light for so 
exciting a fluorescent material to emit a visual light 
have been extensively studied as disclosed by 
Kagami et al in U.S. Patent No. 4.085.350. A 
two-composition gas, such as a mixture of helium 
gas and xenon gas (He + Xe) is well known and has 55 
been used for a multiple color display where purity of 
the emitted color is important. The xenon gas is 
used to lower the discharge firing voltage as well as 
the discharge sustain voltage known as Penning 
effect: With such a gas composition, the heavy 60 
xenon ions bombard the MgO surface layer coated 
over the electrodes, causing the MgO layer to be 
rapidly deteriorated and, thus, the operating life to 



be shortened. 

Argon gas, which is heavier than helium, could be 
effectively added to form a three-composition gas 
mixture (He + Ar + Xe) in order to lower the energy 
of the xenon ions which bombard the MgO surface. 
However, such a three-composition gas shows a 
disadvantage in that the operation voltages are 
increased. 

A two composition gas, Ne + 0.2% Xe, (where 
the percentage indicates the ratio of the partial 
pressure of the gas as well as in the remainder of the 
specification), has been also used for exciting a 
mono color display. However, the orange visual light 
of the neon gas discharge deteriorates the color 
purity. 

In a gas discharge panel for practical use, a long 
operating life, a low operating voltage, a sufficient 
luminescent brightness, and a sufficient color purity 
are all naturally important requirements. However, 
none of the prior art devices can satisfy all these 
requirements at the same time. 

SUMMARY OF THE INVENTION 

It is therefore a general object of the invention to 
provide a fluorescent gas-discharge color display 
panel having a long operating life, a low operating 
voltage, an adequate luminescent brightness, and an 
adequate color purity as well, by improving the gas 
contents. 

It is another object of the invention to provide a 
gas-discharge multiple-color display panel whose 
emission contains suppressed orange spectrum. 

The above objects are reached by a fluorescent 
gas-discharge display panel in which a discharge 
gas, composed of neon and xenon gases, radiates 
an ultra violet light to excite a fluorescent material to 
lighten, wherein according to the present invention 
argon gas is added to the discharge gas. Preferably, 
the content of the argon gas in the discharge gas is 
more than 5Vo. Due to the addition of argon gas, the 
orange spectrum of the neon gas discharge is 
suppressed. 

The above and other features and advantages of 
the present invention will become apparent from the 
following description made with reference to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a cross-sectional view of a 
fluorescent gas-discharge panel of surface 
discharge type, 

FIG. 2 shows a plan view of the discharge 
electrodes configuration of the fluorescent 
gas-discharge panel of FIG. 1 / 

FIG. 3 shows the effect of argon gas content 
in neon on operation characteristics, 

FIG. 4 shows the effect of the invention on 
light spectrums, 

FIG. 5 shows changes in operational charac- 
teristics during operation of the panel, and 

FIG. 6 shows the effect of xenon gas content 
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DESCRIPTION OF PARTlCUi^ri EMBODIMENTS 

The structure and operation of an embodiment of 
a panel according to the present invention is 
hereinafter described . It is to be noted that the 
structure and operation of surface discharge type 
display panels of the type of which the present 
invention relates to are well known as disclosed by T. 
Shinoda et al in "Green Surface-Discharge Plasma 
Decode Displays" at pages 51 to 54 of 1985 
International Display Research Conference. 

A pair of glass substrates, i.e. a first substrate 1 
and second substrate 2, form an envelope of a gas 
discharge panel (FIG. 1). A plurality of paired parallel 
display electrodes 3 and 4 are arranged on the first 
substrate 1 in a lateral direction (Y direction). A 
dielectric layer 5, made of a low melting point glass, 
is formed on the display electrodes 3 and 4 except in 
portions AC and DC shown by dashed circles in 
FIG. 2. Details of these portions AC and DC will be 
described later on. A plurality of insulation ribs 6 and 
address electrodes 7 are provided on the dielectric 
layer 5. Each address electrode extends along one 
side of a respective insulation rib 6; the insulation 
ribs 6 and address electrodes 7 extend in longitudi- 
nal direction (ths X direction} for delineating the 
discharge cells. The surfaces of the address elec- 
trodes 7 and of the dielectric layer 5 are covered with 
a thin surface layer 10, as thin as several tenths of 
millions, made of magnesium oxide MgO. 

Facing the above-described first substrate, a 
layer 8 of fluorescent material is formed on the inner 
surface of the second substrate 2. In a case where 
the displayed color is monochromatic, the fluores- 
cent layer 8 is formed of, for example, a fluorescent 
material emitting a green light, such as of Zn2Si04 
family, and covers uniformly all the substrate 
surface. In a case where multiple colors are 
displayed, a fluorescent material for each color is 
coated as a spot or a stripe on the second 
substrate 2 corresponding to a respective discharge 
cell or line of discharge cells (where "a line" means a 
row of cells along paired electrodes 3 and 4 or along 
an address electrode 7) on the first substrate 1 . The 
substrates 1 and 2 are assembled In facing relation- 
ship, being separated by a predetermined distance, 
are vacuum-tightly sealed at their periphery, and a 
discharge gas 9 is filled therein. 

In the above-described configuration, an address 
discharge cell AC is formed at a location corre- 
sponding to an intersection between a display 
electrode 3 and an address electrode 7, and a 
display cell DC is formed on the display electrodes at 
a location closest to a corresponding address 
discharge cell AC. A pair constituted by an .address 
cell AC and a display cell DC adjacent to each other 
forms a single pixel. 

For operation of the panel, a voltage higher than 
the firing voltage is first applied between paired 
display electrodes 3 and 4 to initiate gas discharge of 
all the cells on the line formed by the display 
electrodes. Next, the gas discharge of display cells 
DC of unnecessary pixels in the line is erased by 
discharging the associated addressing cell AC. 



Repetition of this operation on each line formed by 
paired display trades allows all the pixels on the 
panel to be wriudn with display Information. 
According to the present invention, the discharge 
5 gas 9 filled in the discharge gaps In the panel is 
modified to improve the characteristics of the 
display panel, the modification consisting in the 
addition of argon gas to the discharge gas com- 
posed of a mixture of neon gas and xenon gas. 
10 Effects of adding argon gas Into (neon + xenon) gas 
are shown in FIG. 3 and FIG. 4. In FIG. 3, operating 
characteristics such as variations of chromaticlty 
(X), chromaticlty (Y), brightness B, minimum firing 
voltage Vf1, maximum firing voltage Vfn, minimum 
15 sustain voltage Vsml, maximum sustain voltage 
VsmN and luminous efficacy are shown for variable 
contents ratio of argon In neon gas, in which xenon 
gas is present with a constant content of 0.2%, and 
the gas pressure being 600 Torr. The fluorescent 
20 material 8 used therein is a widely used green 
fluorescent materia/ P1G1 (Zn2Si02:Mn) uniformly 
coated all over the surface of the second substrate 
2. It is observed in this figure that the existence of 
the argon gas with a content of more than 5<Vo 
' 25 cancels the visible orange emission from the neon 
gas discharge, and improves the brightness as well. 
In the range where the argon gas content is more 
than 80%, the operating voltages become so high as 
to increase the cost of the driving circuits, and the 
30 luminous efficacy. Therefore, this composition range 
is not suitable for practical use. Wave length 
spectrum of the emitting light is shown in FIG. 4, 
where the same fluorescent material P1G1 as 
mentioned hereinbefore with reference to FIG. 3 Is 
35 used. Chain line I shows the spectrum obtained with 
a discharge gas whose composition is Ne + Ar 
(20%) + Xe (0.35%) at a pressure of 650 Torr, 
whereas solid line II shows the spectrum obtained 
with a prior art discharge gas whose composition Is 
40 Ne + Xe(0.2%), for comparison. It is evidently 
observed in the figure that the orange light compo- 
nents indicated by "OR" obtained with the prior art 
gas have disappeared in the spectrum I when adding 
argon gas to the discharge gas according to the 
45 present Invention. Furthermore, the peak value of 
the spectrum component of green light whose wave 
length is approximately 540 nm is increased to be 
almost twice of that reached with the prior art 
discharge gas composition. 
50 FIG. 5 illustrates the operating life, i.e. th 
variations as a function of time of the characteristics 
of a panel according to the Invention having a 
discharge gas whose composition is 
Ne + Ar(20%) + Xe(0.35%) at a pressure of 650 Torr 
55 (same as the one corresponding to spectrum I In 
FIG. 4). The notations given to each curve In FIG. 5 
are the same as those appearing in FIG. 3. ft Is 
observed that each voltage characteristic shows 
almost a flat transition, except during the early stage 
60 of the life, and extends stably beyond 2000 hours at 
least. Curve B showing the brightness remains at a 
level above 100 cd/m 2 , a practical requirement, for a 
long period. Chromaticlty (X) and chromaticlty (Y) 
show that there is no change in the chromaticlty 
65 during the operation period. 
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The function of the xenon gas in the three-compo- 
sition gas mixture is not only for lowering . the firing 
voltage as well as the sustain voltage of the gas 
discharge (Penning effect), which is the original 
purpose, but also for emitting by itself a light of ultra 5 
violet spectrum to excite the fluorescent material 
during the discharging, thus improving the luminous 
efficacy, and its ion gives a considerable effect on 
the memory effect as the wall charge for an AC 
(alternating current) drive type gas discharge panel. w 

FIG. 6 illustrates the effects of the xenon gas 
content on the operation characteristics of the panel 
in the case where the gas mixture is composed of Ne 
+ 20%Ar + Xe at a pressure of 400 Torr. it can be 
observed that a xenon gas content below 10°/o is 15 
effective to achieve adequately low operation volt- 
ages. If low operation voltages are particularly 
desired, a xenon gas content of 8% maximum is 
preferred. 

Thus, the neon gas whose use has been avoided 20 
for multiple color display because of its orange 
spectrum can be used now in a three-composition 
gas including argon gas, achieving a long operating 
life, adequately low operation voltages, and pure 
fluorescent light emission of an adequate bright- 25 
ness. 

Although the above-described embodiment refers 
to fluorescent panel of a surface discharge type with 
an AC drive. It is apparent that this invention is 
applicable to a wide variety of gas discharge panels 30 
where the light generated by the gas discharge 
excites a fluorescent material to emit a display color 
regardless of the driving type. 



Claims 

1 . A fluorescent gas-discharge display panel 
having: 40 

first and second substrates (1,2) positioned 
substantially parallely to each other, for defining 
a space (9) containing a discharge gas, 

a plurality of electrodes (3,4,7) for discharg- 
ing said discharge gas, said electrodes being 45 
positioned on an inner surface of at least one 
( 1 ) of said substrates ; and 

a layer (8) of a fluorescent material in said 
discharge gas space, said layer being so 
located as to be excited by ultra violet light 50 
generated by gas discharge in said discharge 
gas space, 

characterized in that: 

said discharge gas is composed of a 
mixture of neon and xenon gases further added 55 
with argon gas. 

2. A fluorescent gas-discharge display panel 
according to claim 1, characterized in that the 
content of said argon gas in said discharge gas 

is more than 50/o so as to suppress visible light 60 
spectrum of neon gas discharge. 

3. A fluorescent gas-discharge display panel 
according to claim 2. characterized in that the 
content of said xenon gas (n said discharge gas 

Is less than 10%. 65 



4. A fluorescent gas-discharge display panel 
according to claim 3, characterized In that the 
content of said xenon gas in said discharge gas 
is less than 8%. 

5. A fluorescent gas-discharge display panel 
having: 

first and second substrates (1 ,2) positioned 
substantially parallely to each other for defining 
a space (9) for containing a discharge gas; 

a plurality of electrodes (3,4,7) for discharg- 
ing said discharge gas, said electrodes being 
positioned on an inner surface of said first 
substrate (1); and 

a layer of a fluorescent material (8) on an 
inner surface of said second substrate (2), said 
layer being so located as to be excited by ultra 
violet light generated by gas discharge in said 
discharge gas space 

characterized in that: 

said discharge gas is composed of a 
mixture of neon and xenon gases, further added 
with an argon gas so as to suppress visible light 
spectrum of neon gas discharge. 

6. A fluorescent gas-discharge display panel 
according to claim 5, characterized in that the 
content of said argon gas in said discharge gas 
is more than 5% by partial pressure. 

7. A fluorescent gas-discharge display panel 
according to any one of claims 5 and 6 , 
characterized in that the content of said xenon 
gas in said discharge gas is less than 10% by 
partial pressure. 

8. A fluorescent gas-discharge display panel 
according to claim 7, characterized in that the 
content of said xenon gas in said discharge gas 
is less than 8% by partial pressure. 

9. A fluorescent gas-discharge display panel 
according to any one of claims 5 to 8, 
characterized in that said fluorescent layer (8) is 
composed of plural kinds of fluorescent materi- 
als each of which is provided in a position 
corresponding to a respective discharge loca- 
tion defined by said electrodes (3,4,7) so as to 
emit different colors excited individually by said 
ultra violet light of said gas discharge. 
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FIG. 3 



XENON CONTENT : 0.2 % 
EXCITED FLUORESCENT MATERIAL : 
PIGI (Zn 2 Y5i0 2 r Mn ) 
GAS PRESSURE = 600 Torr 
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GAS CONTENTS : Ne + 20% Ar + Xe 
GAS PRESSURE: 400 Torr 



190- 

180- ■ 

(cd/ m e)(lm /oj ) 
70 07 170 

60 0.6 160 

50 05 150-- 

>- 
o 

o AO OA 14> 
:r 

0.7 30 03 130- - 
06 20 0.2 120 - 
05 10 0.1 110 




0.-4 0 0 




pVsmN 



pVsml 
EFFICACY 



CHROMATICITY (Y) 
-x x 



CHROMATICITY (X) 
x 



20 AD 6.0 a0 10D (%) 



Xe CONTENT 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



. Application number 





DOCUMENTS CONSIDERED TO BE RELEVANT 


EP 88400347.4 




Category 


Citation ol document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (Int. CM) 




Y 


GB - B - 1 559 272 (OWENS-ILLINOIS) 


1, 


5 


H 01 J 17/20 

H 01 J 17/49 






* Totality * 










D,Y 


US - A - 4 638 218 (SHINODA et al . ) 


1,5 








* Fig. 1-4; claims 1-6 * 










A 
t\ 


US - A - 4 081 712 (BODE et al . ) 


2- 


4,6- 








* Abstract; example 2 * 


8 






A 


GB - B - 1 338 238 (OWENS-ILLINOIS) 


1, 


5 








* Page 3, lines 11-17; claims 
1-2 * 










A 


US - A - 3 499 167 ( BAKER) 














TECHNICAL FIELDS 
SEARCHED (Int. CI.' / 


























H 01 J 17/00 














H 01 J 7/00 














H 01 J 11/00 














H 01 J 61/00 














H 01 J 9/00 




The present search report has been drawn up for all claims 










Place ol search 
VIENNA 


Date of completion ol the search 

06-05-1988 


Examiner 
B RUNNER 


CO 

8 

i 

E 
o 
u. 

o 


CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the Invention 

E : earlier patent document, but published on, or 
X : particularly relevant if taken al ne after the filing date 
Y : particularly relevant if combined with another 0 : document cited in the application 
document of the same category L : document cited for other reasons 
A : technological background 

0 : non-written disclosure & : member of the same patent family, corresponding 



